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Rswlpdo Zruniduh lq d Vrflhw| ri
Zrunhuv dqg Qrq0Zrunhuv
Fodxv Wkxvwuxs Kdqvhq dqg Wruehq Wudqév
Xqlyhuvlw| ri Frshqkdjhq dqg HSUX|
Ghfhpehu 4<<<
Devwudfw
Wklv sdshu vwxglhv wkh xqhpsor|phqw lqvxudqfh dqg uhglvwulex0
wlrq srolf| ri d jryhuqphqw zkr frqwhpsodwhv xvlqj zruniduh1 Zh
frqvlghu d srsxodwlrq frpsrvhg ri hpsor|hg dqg xqhpsor|hg zrunhuv
dv zhoo dv lqglylgxdov zkr gr qrw vhhn hpsor|phqw +qrq0zrunhuv,1 Mre
vhdufk ehkdylru lv sulydwh lqirupdwlrq lpso|lqj wkdw qrq0zrunhuv fdq
fodlp XL ehqh￿wv udwkhu wkdq wkh vrfldo dvvlvwdqfh wkh| duh holjleoh iru1
Dv d frqvhtxhqfh/ rswlpdo shfxqldu| XL vfkhphv xqghulqvxuh zrunhuv
djdlqvw xqhpsor|phqw1 Zh vkrz wkdw uhtxlulqj xqsurgxfwlyh dfwlyl0
wlhv lq h{fkdqjh iru XL ehqh￿wv +zruniduh, fdq Sduhwr lpsuryh zhoiduh
e| idflolwdwlqj ehwwhu xqhpsor|phqw lqvxudqfh/ dqg zh fkdudfwhul}h
wkh vlwxdwlrqv zkhuh wklv lv wkh fdvh1
Nh|zrugv= Zruniduh/ Xqhpsor|phqw Lqvxudqfh/ Uhglvwulexwlyh Srolf|
MHO Fodvvlfdwlrq Qxpehuv= K5/ M98
￿Dfnqrzohgjphqwv= Zh zlvk wr wkdqn Fodhv Ehqjwvvrq/ Pduwlq Eurzqlqj/ Shwhu
Iuhgulnvvrq/ Qlov Jrwwiulhv/ Ehuwlo Kropoxqg/ Dqq0Vr￿h Nrop/ Grqdog Sduvrqv/ dqg vhpl0
qdu sduwlflsdqwv dw wkh HHD*<< Frqjuhvv dqg LIDX/ Xssvdod iru frpphqwv dqg glvfxvvlrqv1
Lq sduwlfxodu zh zlvk wr wkdqn Vøuhq Eorptxlvw iru vxjjhvwlrqv wkdw fkdqjhg wkh irfxv
ri wkh sdshu1 Ilqdoo|/ wkh ￿uvw dxwkru judwhixoo| dfnqrzohgjhv wkh krvslwdolw| ri LIDX1
Fruuhvsrqghqfh= Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ GN0
4788 Frshqkdjhq N/ Ghqpdun1 Sk1= .78 68 65 63 53/ id{= .78 68 65 63 33/ h0pdlo=
fodxv1wkxvwuxs1kdqvhqChfrq1nx1gn dqg wruehq1wudqdhvChfrq1nx1gn1
|Wkh dfwlylwlhv ri HSUX +Hfrqrplf Srolf| Uhvhdufk Xqlw, duh ￿qdqfhg wkurxjk d judqw
iurp wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1
44 Lqwurgxfwlrq
Wkh xvh ri zruniduh lv qr orqjhu uhvwulfwhg wr sryhuw| doohyldwlrq surjudpv
exw lv qrz dssolhg lq uhodwlrq wr mreohvvqhvv lq jhqhudo1 Lq wkh X1V1 pdq|
xqhpsor|phqw lqvxudqfh +XL, h{shulphqwv lqfoxgh hohphqwv ri hruw uhtxluh0
phqwv/ h1j1/ uhflslhqwv ri XL ehqhwv kdyh wr vkrz xs dw wkh Hpsor|phqw
Vhuylfh iuhtxhqwo| ru sduwlflsdwh lq sduw0wlph frxuvhv rq krz wr vhdufk dqg
dsso| iru mrev +vhh Ph|hu/ 4<<8,1 Dfwlylwlhv olnh wkhvh h{sursuldwh wlph iurp
xqhpsor|hg zrunhuv dqg wkxv uhgxfh wkhlu fxuuhqw xwlolw|/ lqghshqghqwo| ri
zkhwkhu wkhlu mre vhdufk vnloov lpsuryh1 Wklv lv dovr wkh fdvh lq prvw Hx0
urshdq frxqwulhv zkhuh sduwlflsdwlrq lq Dfwlyh Oderu Pdunhw Surjudpv lv
qrz frpsxovru| iru XL uhflslhqwv=4 wr frqwlqxh uhfhlylqj XL ehqhwv diwhu
d fhuwdlq shulrg ri xqhpsor|phqw vlpso| uhtxluhv wkdw uhflslhqwv vxeplw wr
wkh hruw uhtxluhphqwv ri wkhvh surjudpv1 Li zh ghqh zruniduh dv ehqhwv
jlyhq frqglwlrqdoo| rq wkh uhflslhqwv ixooolqj vrph reoljdwlrqv/ zruniduh lv/
lq hhfw/ ehlqj lqwurgxfhg lqwr XL vfkhphv/ lpso|lqj wkdw wkh dyhudjh zrunhu
lv qrz d wdujhw iru zruniduh1
Lv wkhuh dq hfrqrplf dujxphqw iru xvlqj zruniduh lq uhodwlrq wr jurxsv
wkdw duh qhlwkhu srru qru kdyh zhdn delolwlhvB Zh dgguhvv wklv txhvwlrq e|
dqdo|}lqj zkhwkhu lw lv rswlpdo iru d ehqhyrohqw jryhuqphqw wr xvh xqsurgxf0
wlyh zruniduh dv sduw ri dq xqhpsor|phqw lqvxudqfh dqg uhglvwulexwlrq srolf|
zkhq vrph lqglylgxdov suhihu qrw wr zrun dqg zkhq mre vhdufk ehkdylru lv
sulydwh lqirupdwlrq15
4Wkh frxqwulhv ri wkh Hxurshdq Xqlrq kdyh frpplwwhg wkhpvhoyhv wr uhtxluh zrun ru
hgxfdwlrqdo h￿ruw lq uhwxuq iru XL ehqh￿wv diwhu wkh ￿uvw |hdu ri xqhpsor|phqw +Wkh Hx0
urshdq Frxqflo/ 4<<:,1 Lq pdq| frxqwulhv sduwlflsdwlrq lq Dfwlyh Oderu Pdunhw Surjudpv
kdv ehhq uhtxluhg iru |hduv exw zlwkrxw dfwxdoo| ehlqj hqirufhg1 H1j1/ wkh Qhwkhuodqgv
glg qrw vwduw wr vdqfwlrq shrsoh zkr glg qrw sduwlflsdwh ehiruh 4<<5 +ydq ghq Ehuj hw do1/
4<<;,1
5Lq doprvw doo frxqwulhv XL lv surylghg e| wkh jryhuqphqw1 D ihz frxqwulhv gr kdyh
xqlrq0dgplqlvwudwhg lqvxudqfh ixqgv exw wkh| duh vxevlgl}hg wr vxfk dq h{whqw wkdw wkh|
duh qhduo| lqglvwlqjxlvkdeoh iurp jryhuqphqw0dgplqlvwudwhg v|vwhpv +vhh Kropoxqg/ 4<<;,1
Wkhuh lv ri frxuvh qr qhhg iru zruniduh li wkh jryhuqphqw fdq glvwlqjxlvk ehwzhhq wkrvh
zkr zdqw wr zrun dqg wkrvh zkr zrq*w1 Lq jhqhudo/ XL ehqh￿w uhflslhqwv duh uhtxluhg wr
5Wkhuh duh pdq| uhdvrqv zk| dq lqglylgxdo pd| vwulfwo| suhihu qrw wr
zrun dw vrph srlqw lq wlph> fklog eluwk/ hgxfdwlrq vwduw/ ru vlpso| ehfdxvh
kh ru vkh kdv zrunhg wrr pxfk odwho|1 Wkxv/ dw dq| jlyhq srlqw lq wlph
wkhuh duh lqglylgxdov zkr duh qrw lqwhuhvwhg lq sdlg zrun dw dq| uhdolvwlf
zdjh udwh 0 iru d zkloh dw ohdvw16 Wkhvh yroxqwdulo| mreohvv lqglylgxdov +qrq0
zrunhuv, pd|/ qhyhuwkhohvv/ fodlp xqhpsor|phqw ehqhwv zkhq prqlwrulqj
r im r ev h d u f ke h k d y l r ul vl p s h u i h f w 1 7 Wklv nlqg ri dgyhuvh vhohfwlrq fdq h{0
sodlq wkh devhqfh ri sulydwho| surylghg xqhpsor|phqw lqvxudqfh dv vkrzq
e| Fklx dqg Nduql +4<<;,1 Lq wkh sxeolfo| surylghg ehqhw v|vwhp zh vwxg|/
dgyhuvh vhohfwlrq lpsolhv wkdw lw lv rswlpdo wr xqghulqvxuh lqglylgxdov djdlqvw
xqhpsor|phqw1 Lq wklv vlwxdwlrq d jryhuqphqw pd| fkrvh wr xvh zruniduh dv
d ghylfh wr vhsdudwh zrunhuv dqg qrq0zrunhuv dqg wkhuhe| surylgh ehwwhu xq0
hpsor|phqw lqvxudqfh iru wkh oderu irufh1 Lq idfw/ wklv pd| Sduhwr lpsuryh
wkh jryhuqphqw*v xqhpsor|phqw lqvxudqfh dqg uhglvwulexwlrq srolf|1
Wkh lqwxlwlrq iru zk| wkh h{fkdqjh ri ehqhwv iru zruwkohvv dfwlylwlhv
fdq hqkdqfh h!flhqf| lv wkh iroorzlqj1 Frqvlghu d sxuho| shfxqldu| ehqhw
v|vwhp zkhuh qrq0zrunhuv fodlp vrfldo dvvlvwdqfh1 Wkhq vxssrvh zh udlvh XL
ehqhwv dqg uhtxluh mxvw hqrxjk zrun hruw lq h{fkdqjh vr wkdw qrq0zrunhuv
duh lqglhuhqw ehwzhhq wkh rog dqg wkh qhz XL vfkhph/ dqg wkxv vwloo gr
qrw vljq xs iru XL ehqhwv1 Zrunhuv/ rq wkh rwkhu kdqg/ pd| suhihu wkh qhz
XL vfkhph vlqfh wkh| glvolnh zrun ohvv wkdq qrq0zrunhuv> vshflfdoo|/ li wkh
lqfuhdvh lq d zrunhu*v h{shfwhg xwlolw| gxh wr d vprrwkhu lqfrph vwuhdp lv
odujhu wkdq wkh h{shfwhg irujrqh ohlvxuh gxh wr zruniduh/ zrunhuv vwulfwo|
vhdufk exw h{shulhqfhv iurp wkh odvw ghfdghv kdyh vkrzq wkdw prqlwrulqj ri mre vhdufk
ehkdylru lv erxqg wr eh olplwhg1
6Wkh oderu irufh sduwlflsdwlrq udwhv iru wkh pdmru RHFG frxqwulhv lq wkh odwh 4<<3*v
zhuh durxqg 31;3> d olwwoh kljkhu iru wkh X1V1 dqg d olwwoh orzhu iru RHFG0Hxursh +RHFG/
4<<;,1
7Wkhuh duh vrph lqglfdwlrqv wkdw wklv dfwxdoo| kdsshqv1 Iru lqvwdqfh/ lq wkh Qhwkhu0
odqgv dqg Ghqpdun lq wkh hduo| qlqhwlhv rqo| 88( dqg 93(/ uhvshfwlyho|/ ri ehqh￿w uhfls0
lhqwv lqglfdwhg wkdw wkh| zdqwhg d mre dqg zhuh dfwlyho| vhdufklqj iru rqh +vhh Dqjhqhqw/
Erpphom￿/ dqg Vfkhs/ 4<<6> Shghuvhq dqg Vplwk/ 4<<8,1 Vhh dovr wkh glvfxvvlrq lq Nduql
+4<<<,1
6suhihu wkh qhz vfkhph zklfk wkhuhiruh uhsuhvhqwv d Sduhwr lpsuryhphqw1
Lq jhqhudo/ dq| shfxqldu| xqhpsor|phqw lqvxudqfh dqg vrfldo dvvlvwdqfh
ehqhw v|vwhp lv Sduhwr grplqdwhg e| d ehqhw v|vwhp zlwk zruniduh li
lqglylgxdov kdyh vx!flhqwo| glhuhqw wdvwhv iru zrun1 Li lqglylgxdov kdyh wkh
vdph glvxwlolw| ri zrun/ lw lv qhyhu rswlpdo wr uhtxluh wkdw XL ehqhw uhflslhqwv
vshqg d fhuwdlq qxpehu ri krxuv rq zruniduh dfwlylwlhv lq h{fkdqjh iru wkhlu
ehqhwv +wlph zruniduh,1 Lq wklv fdvh lw pd|/ qhyhuwkhohvv/ eh rswlpdo wr
uhtxluh wkdw wkh uhflslhqwv shuirup d vshflf wdvn lq h{fkdqjh iru ehqhwv
+wdvn zruniduh,/ qdpho| zkhq lqglylgxdov* surgxfwlylw| glhuv1 Pruhryhu/
zh vkrz wkdw/ lq jhqhudo/ wkh xvh ri wdvn zruniduh Sduhwr grplqdwhv wkh xvh
ri wlph zruniduh1 Ilqdoo|/ zh frqfoxgh wkdw wkh zhoiduh dujxphqw iru xvlqj
zruniduh lv vwurqjhu zkhq wkhuh lv ohvv uhglvwulexwlrq ri lqfrph iurp zrunhuv
wr qrq0zrunhuv1
Xqwlo uhfhqwo|/ zruniduh zdv rqo| xvhg lq sryhuw| doohyldwlrq surjudpv/
zkhuh wkh fkdoohqjh lv wr jlyh wudqvihuv wr wkrvh zlwk srru delolwlhv zlwkrxw
pdnlqj lw dwwudfwlyh iru wkrvh zlwk pruh iruwxqdwh delolwlhv wr dovr fodlp wkhvh
wudqvihuv1 Lw lv riwhq vxjjhvwhg wkdw wkhvh pruh iruwxqdwh w|shv frxog eh glv0
frxudjhg iurp grlqj vr li ehqhwv zhuh dffrpsdqlhg e| d zrun uhtxluhphqw1
Krzhyhu/ wkh ryhudoo frqfoxvlrq iurp wkh olwhudwxuh rq sryhuw| doohyldwlrq
dqg uhglvwulexwlrq +vhh Ehvoh| dqg Frdwh/ 4<<5/ 4<<8> Euhww/ 4<<;> Ehdxgu|
dqg Eodfnrue|/ 4<<;> Fx/ 4<<;, lv wkdw zruniduh lv qrw dq reylrxv phdqv
wr vhfxulqj d plqlpxp xwlolw| ohyho iru doo/ xqohvv zruniduh lqyroyhv vrph
nlqg ri qhw surgxfw wr vrflhw| +lw fdq eh xvhg wkrxjk wr surylgh d plqlpxp
lqfrph ohyho iru doo/ zklfk glvuhjdugv wkh glvxwlolw| ri shuiruplqj zruniduh
dfwlylwlhv,1 Rqo| li lqglylgxdov glhu zlwk uhvshfw wr erwk delolwlhv dqg wdvwhv
iru zrun fdq lw eh rswlpdo wr xvh zruniduh lq sryhuw| doohyldwlrq surjudpv/
dqg hruw lv wkhq uhtxluhg ri wkrvh zlwk orz delolw| dqg orz zrun0glvxwlolw|
+vhh Ehdxgu| dqg Eodfnrue|/ 4<<;> Fx/ 4<<;,18 E| frqwudvw wkh rswlpdolw|
8Lw lv gl!fxow wr pdnh Sduhwr lpsuryhphqwv e| xvlqj zruniduh lq sryhuw| doohyldwlrq
7ri xvlqj zruniduh dv d vfuhhqlqj ghylfh lq xqhpsor|phqw lqvxudqfh vfkhphv
ghshqgv rqo| rq khwhurjhqhlw| dorqj rqh glphqvlrq1 Qrwlfh khuh wkdw wkh
vfuhhqlqj sureohp zh dqdo|}h lv wkh uhyhuvh ri wkh vfuhhqlqj sureohp vwxglhg
lq sryhuw| doohyldwlrq1 Lq rxu dqdo|vlv/ zruniduh lv xvhg wr suhyhqw yroxqwdu|
mreohvv lqglylgxdov rq vrfldo dvvlvwdqfh iurp wdnlqj wkh XL sdfndjh lqwhqghg
iru xqhpsor|hg zrunhuv19
Wkh qh{w vhfwlrq suhvhqwv wkh prgho1 Wkh wklug vhfwlrq ghulyhv wkh rs0
w l p d oe h q h  ws r o l f l h vd q gf k d u d f w h u l } h vz k h qs h f x q l d u |e h q h  wv | v w h p vd u h
grplqdwhg e| zruniduh ehqhw v|vwhpv1 Wkh odvw vhfwlrq pdnhv vrph qdo
uhpdunv1
5W k h P r g h o
Lq wklv vhfwlrq zh vhw xs wkh prgho dqg ghvfuleh wkh sureohp ri d ehqhyr0
ohqw jryhuqphqw wkdw zlvkhv wr ghvljq dq rswlpdo ehqhw v|vwhp frqvlvwlqj
ri xqhpsor|phqw lqvxudqfh +XL, iru lqglylgxdov lqvlgh wkh oderu irufh dqg
prqhwdu| wudqvihuv iurp wkrvh lq wkh oderu irufh wr wkrvh rxwvlgh wkh oderu
irufh +zh odeho wkhvh wudqvihuv vrfldo dvvlvwdqfh/ VD,1 Wkh jryhuqphqw fdq0
qrw revhuyh qhlwkhu lqglylgxdo fkdudfwhulvwlfv qru zkhwkhu dq lqglylgxdo kdv
rewdlqhg d mre rhu1
Wkh wlplqj ri hyhqwv
Iluvw/ hdfk lqglylgxdo ghflghv zkhwkhu ru qrw wr mrlq wkh oderu irufh1
Vhfrqg/ doo phpehuv ri wkh oderu irufh uhfhlyh d mre rhu zlwk suredelo0
surjudpv/ vlqfh lq wkhvh surjudpv zruniduh lv xvhg wr lqfuhdvh wkh ohyho ri wudqvihuv iurp
zrunhuv wr qrq0zrunhuv1
9Ri frxuvh/ wkhuh duh yhu| ihz hpslulfdo vwxglhv ri wkh h￿hfw ri wklv qhz srolf| ri
uhtxlulqj h￿ruw iurp XL uhflslhqwv exw wkhuh duh vrph1 Ph|hu +4<<8, hydoxdwhv d qxpehu
ri XL h{shulphqwv vrph ri zklfk kdyh dq h￿ruw uhtxlulqj hohphqw wr wkhp dqg ￿qg wkdw
wklv fdq hdvlo| lq xhqfh wkh wdnh xs udwh1 Wkh prvw gluhfw hylghqfh lv gxh wr Eodfn/ Ehujhu/
Qrho/ dqg Vplwk +4<<<,1 Wkh| duh deoh wr lghqwli| d vkdus lqfuhdvh lq wkh hduo| h{lw iurp
XL iru uhflslhqwv zkr idfh h￿ruw uhtxluhphqwv1 Zkdw wuljjhuv wkh h{lwv vhhpv wr eh wkh
ohwwhu zklfk lqirupv uhflslhqwv wkdw wkh frqwlqxdwlrq ri wkhlu ehqh￿wv lv frqglwlrqdo xsrq
wkhlu sduwlflsdwlrq lq fhuwdlq surjudpv1
8lw| 4 5 Efc1 Wkrvh zkr uhfhlyh d mre rhu hlwkhu dffhsw ru uhmhfw dqg li
wkh| uhmhfw wkh| uhpdlq mreohvv1 Lqglylgxdov zkr hlwkhu uhmhfwhg d mre rhu
ru zkr glg qrw jhw dq rhu duh xqhpsor|hg +yroxqwdu| dqg lqyroxqwdu|/ uh0
vshfwlyho|, dqg fdq fodlp xqhpsor|phqw frpshqvdwlrq/ zklfk lv d sdfndjh
iKcej/ frqvlvwlqj ri d prqhwdu| wudqvihu/ K/ dqg dq hruw uhtxluhphqw/ e/
phdvxuhg lq wlph xqlwv1 D shfxqldu| XL vfkhph kdv e 'fdqg d zruniduh
XL vfkhph kdv e : f Khqfh/ wr froohfw ehqhwv xqghu d zruniduh vfkhph/
xqhpsor|hg lqglylgxdov kdyh wr vshqg d fhuwdlq dprxqw ri wlph rq zruniduh
dfwlylwlhv +wlph zruniduh,1 Dowhuqdwlyho|/ lw pd| eh srvvleoh wr uhtxluh d vsh0
flf wdvn shuiruphg e| XL uhflslhqwv lq h{fkdqjh iru ehqhwv +wdvn zruniduh,>
wklv lv dqdo|}hg lq Vhfwlrq 6161 Wkrvh rxwvlgh wkh oderu irufh uhfhlyh vrfldo
dvvlvwdqfh/ K  K/ dqg/ zlwkrxw orvv ri jhqhudolw|/ zh dvvxph wkdw K lv qrw
dffrpsdqlhg e| dq| hruw uhtxluhphqwv1:
Lqglylgxdo Fkdudfwhulvwlfv
Zh frqvlghu d srsxodwlrq frpsrvhg ri lqglylgxdov ri glhuhqw w|shv1 Wkh
xwlolw| ri dq lqglylgxdo ri w|sh  lv jlyhq e|
￿ '  EU￿  ￿￿c
zkhuh U￿ lv qhw0lqfrph/ ￿ lv irujrqh ohlvxuh/ dqg ￿ uhsuhvhqwv ydoxdwlrq ri
ohlvxuh uhodwlyh wr lqfrph zklfk pd| glhu ehwzhhq w|shv1 Wklv lpsolhv wkdw
wkh lqfhqwlyhv wr zrun duh kljk iru d jlyhq U￿ dqg ￿ zkhq ￿ lv orz1 Zh dvvxph
wkdw wkh xwlolw| ixqfwlrq/ c lv wzlfh frqwlqxrxvo| glhuhqwldeoh/ vwulfwo| lq0
fuhdvlqj/ vwulfwo| frqfdyh/ dqg ixooov wkh lqdgd0frqglwlrq *4%<f ￿ E%'4 1
Dq hpsor|hg lqglylgxdo ri w|sh  hduqv d qhw0lqfrph ri /￿  | shu xqlw ri
zrunlqj wlph zkhuh /￿ lv dq h{rjhqrxv zdjh udwh dqg zkhuh | lv d wd{ rq
hpsor|hg lqglylgxdov xvhg wr qdqfh wkh ehqhw v|vwhp1 Vlqfh lqfrph dqg
:Lw zloo eh fohdu odwhu wkdw lw lv qhyhu Sduhwr rswlpdo wr uhtxluh h￿ruw ri wkrvh rxwvlgh wkh
oderu pdunhw1 Lw zrxog eh srvvleoh wr uhgxfh wkh h￿ruw uhtxluhphqw dqg wkh ehqh￿w ohyho
ri wkrvh zrunlqj nhhslqj wkhlu xwlolw| ￿{hg zkloh lqfuhdvlqj xwlolw| ri wkrvh qrw zrunlqj
wkurxjk d orzhulqj ri wkh wd{ udwh1
9ohlvxuh duh shuihfw vxevwlwxwhv/ wkh oderu vxsso|/ ￿/ lv hlwkhu }hur krxuv ru wkh
pd{lpxp qxpehu ri krxuv/ qrupdol}hg wr rqh1
Zh duh lqwhuhvwhg lq wkh ghvljq ri ehqhw v|vwhpv lq vlwxdwlrqv zkhuh
vrph lqglylgxdov suhihu qrw wr zrun1 Iru vlpsolflw| zh dvvxph wkhuh duh
rqo| wzr w|shv ri lqglylgxdov/ zrunhuv/ `/ dqg qrq0zrunhuv/ /z k h u h#dqg
# duh wkh iudfwlrqv ri wkhvh wzr w|shv uhvshfwlyho| lq wkh srsxodwlrq +zlwk
f 	#	 ,/ dqg zkhuh qrq0zrunhuv* qhw xwlolw| iurp zrunlqj lv ohvv wkdq wkhlu
qhw xwlolw| iurp VD/ wkdw lv/ /￿  ￿ 	K 1 Pruhryhu/ zh dvvxph /‘  /￿
dqg ‘  ￿ lpso|lqj wkdw qrq0zrunhuv duh qrw pruh hdjhu wr zrun wkdq
zrunhuv1
Wkh Jryhuqphqw*v Sureohp
Wkh jryhuqphqw nqrzv wkh glvwulexwlrq ri lqglylgxdo fkdudfwhulvwlfv exw
fdqqrw revhuyh qhlwkhu wkh fkdudfwhulvwlfv ri dq| sduwlfxodu lqglylgxdo qru
zkhwkhu dq lqglylgxdo kdv uhfhlyhg d mre rhu1 Wklv lpsrvhv vrph uhvwulfwlrqv
rq zklfk srolflhv wkh jryhuqphqw fdq lpsohphqw1
Iluvw/ wkh jryhuqphqw qhhgv wr pdnh vxuh wkdw zrunhuv suhihu hpsor|phqw
wr xqhpsor|phqw/ lpso|lqj wkdw d ehqhw srolf| kdv wr ixooo
 E/‘  |  ‘  EK  ‘
ec +4,
dv lw lv lpsrvvleoh wr revhuyh zkhwkhu d zrunhu kdv uhmhfwhg d mre rhu lq
rughu wr fodlp XL ehqhwv1 Li htxdwlrq +4, grhv qrw krog/ wkh rqo| ehqhw
v|vwhp wkdw fdq h{lvwv lv wkh wulyldo rqh zlwk | ' K ' K 'f 1
Vhfrqgo|/ wkh jryhuqphqw*v ehqhw srolf| qhhgv wr eh lqfhqwlyh frpsdw0
leoh1 Wkh prgho pd| kdyh hlwkhu d vhsdudwlqj ru d srrolqj htxloleulxp gh0
shqglqj rq zkhwkhu qrq0zrunhuv fkrrvh wkh VD ru wkh XL sdfndjh1 Krzhyhu/
lw lv vx!flhqw wr irfxv rqo| rq wkh vhsdudwlqj htxloleulxp zkhuh qrq0zrunhuv
suhihu wr eh rxwvlgh wkh oderu pdunhw uhfhlylqj K lq VD1 Wkhuhiruh/ zh lpsrvh
wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw
 EK   EK  ￿
e +5,
:Lq d srrolqj htxloleulxp wklv frqvwudlqw qhhg qrw eh ixooohg1 Qrwh/ wkdw
lw zloo qhyhu eh rswlpdo iru wkh jryhuqphqw wr uhtxluh zruniduh/ l1h1 e '
f/ lq d srrolqj htxloleulxp dv wklv zloo uhgxfh xwlolw| ri erwk zrunhuv dqg
qrq0zrunhuv1 Vr irupdoo|/ dq| rswlpdo srrolqj htxloleulxp lv d vshfldo fdvh
ri d vhsdudwlqj htxloleulxp zkhuh K ' K dqg e 'f / dqg lw lv wkhuhiruh
qrw h{foxghg e| wkh lqhtxdolw| +5,1 Wkxv/ zh fdq uhvwulfw dwwhqwlrq wr wkh
vhsdudwlqj htxloleulxp1
Ilqdoo|/ d ehqhw srolf| kdv wr ixooo wkh exgjhw frqvwudlqw
#d4|  E  4Ko  E  #K  fc +6,
zkhuh wkh uvw whup lv wkh qhw h{shfwhg uhyhqxh ri zrunhuv dqg wkh odvw whup
lv wkh frvw ri vrfldo dvvlvwdqfh wr qrq0zrunhuv1
6 Rswlpdo Ehqhw Srolflhv
Zh duh lqwhuhvwhg lq zkhwkhu shfxqldu| ehqhw srolflhv fdq eh Sduhwr lp0
suryhg e| lqwurgxflqj zruniduh1 Wr dqdo|}h wklv/ zh pd{lpl}h wkh h{ dqwh
h{shfwhg xwlolw| ri zrunhuv/ .E‘/ vxemhfw wr d plqlpxp xwlolw| ohyho ri
qrq0zrunhuv/ / wkdw lv/ vxemhfw wr
￿ '  EK   +7,
Wkh h{lvwhqfh ri qrq0wulyldo ehqhw srolflhv uhtxluhv wkdw zrunhuv suhihu hp0
sor|phqw wr xqhpsor|phqw dqg wklv jlyhv dq xsshu erxqg rq  Dv  ulvhv/
wd{hv jrhv xs dqg qhw lqfrph jrhv grzq iru zrunhuv= zkhq  ulvhv deryh
   E#4d/‘ ‘o/ zrunhuv qr orqjhu suhihu wr eh hpsor|hg dqg vr wkhuh
lv qr orqjhu dq| wd{ uhyhqxh wr qdqfh wudqvihuv1; Wkxv/ wkh qrq0wulyldo fdvhv
duh zkhq  5 dfco1
;Vxssrvh x @￿ xlpso|lqj wkdw e ￿ ￿￿^$Z ￿!Z‘1 Wkhq/ xqghu wkh fkhdshvw ehqh￿w
v|vwhp/ zklfk lv e @ e @ ￿￿^$Z ￿!Z‘/ wkh exgjhw frqvwudlqw lpsolhv wkdw wkh hpsor|hg
zrunhu rewdlqv wkh vdph xwlolw| dv dq xqhpsor|hg zrunhu/ wkdw lv $Z ￿ w ￿ !Z @ e1
Wkhuhiruh/ li x lv udlvhg deryh ￿ x wkhq wkh ehqh￿w srolf| lv lpsrvvleoh wr lpsohphqw/ vlqfh
zrunhuv suhihu wr eh xqhpsor|hg1 Wkxv/ wkhuh h{lvwv qr vroxwlrqv zlwk uhglvwulexwlrq
srolflhv x A ￿ x1
;Jlyhq wkhvh erxqgv rq / lw iroorzv wkdw zrunhuv dozd|v suhihu wr mrlq wkh
oderu irufh1 Zrunhuv duh wkhuhiruh hlwkhu hpsor|hg ru xqhpsor|hg dqg wkxv
idfh h{ dqwh h{shfwhg xwlolw|
.E‘'4E/‘  |  ‘nE 4 E K ‘
e +8,
Qrz zh fdq vroyh iru +frqvwudlqhg, Sduhwr rswlpdo srolflhv e| pd{lpl}lqj
htxdwlrq +8, vxemhfw wr +7,/ dqg wr wkh frqvwudlqwv wkdw zrunhuv suhihu wr zrun/
lqhtxdolw| +4,/ wkdw qrq0zrunhuv suhihu VD wr wkh XL sdfndjh/ lqhtxdolw| +5,/
wkdw vshqglqj kdv wr eh zlwklq wkh exgjhw/ lqhtxdolw| +6,/ dqg wkdw doo wkh
fkrvhq yduldeohv duh qrq0qhjdwlyh1 D vroxwlrq wr wklv sureohp lv d ehqhw
v|vwhp fkdudfwhul}hg e| K/ K/ |/d q g e1 Li wklv vroxwlrq frqwdlqv d srvlwlyh ohyho
ri zruniduh/ e : f/ wkhq zh kdyh lghqwlhg d ehqhw v|vwhp zlwk zruniduh
wkdw Sduhwr grplqdwhv doo shfxqldu| ehqhw v|vwhpv jlyhq wkh uhglvwulexwlrq
srolf| lpsolhg e| 1
614 Shfxqldu| Ehqhw V|vwhpv
Ehiruh dqdo|}lqj wkh ghvludelolw| ri xvlqj zruniduh lq ehqhw vfkhphv/ lw lv
zruwkzkloh wr fkdudfwhul}h wkh rswlpdo ehqhw v|vwhp li zruniduh fdqqrw eh
xvhg/ wkdw lv e 'f 1 Wkxv/ zh pd{lpl}h +8, vxemhfw wr +4,/ +5,/ +6,/ +7,/ dqg
e 'fzlwk uhvshfw wr K/ K/d q g| / zklfk doo kdyh wr eh qrq0qhjdwlyh1 Wklv
|lhogv d xqltxh vroxwlrq jlyhq e| +vhh Dsshqgl{,
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Wkh XL ehqhw ohyho htxdov wkh vrfldo dvvlvwdqfh ohyho vlqfh/ dffruglqj wr wkh
lqfhqwlyh frpsdwlelolw| frqvwudlqw +5,/ lw lv lpsrvvleoh wr vhsdudwh wkh wzr
<w|shv zlwkrxw zruniduh1 Iurp wkhvh htxdwlrqv lw lv srvvleoh wr ghulyh wkh rs0
wlpdo shfxqldu| ehqhw srolf| iru hyhu| plqlpxp xwlolw| ohyho ri qrq0zrunhuv
 5 dfc 7 o/ dqg wkhuhe| fkdudfwhul}h wkh vhw ri Sduhwr rswlpdo shfxqldu| ehq0
hw srolflhv
Sursrvlwlrq 4 Sduhwr rswlpdo shfxqldu| srolflhv duh fkdudfwhul}hg e| +l, d
srvlwlyh ohyho ri vrfldo dvvlvwdqfh/ K : f/ iru doo  5 dfc 7 o dqg +lld, vrph
exw ohvv wkdq ixoo lqvxudqfh djdlqvw xqhpsor|phqw/ f 	K	/ ‘| ‘/l i
	7  /r u+ lle, ixoo lqvxudqfh djdlqvw xqhpsor|phqw/ K ' /‘  |  ‘/l i
'7  1
Surri1 +l, Wklv iroorzv gluhfwo| iurp wkh deryh htxdwlrqv zkhq  : f1L i
 'fwkhq wkh uhvxow iroorzv iurp htxdwlrq +;, dqg wkh dvvxpswlrqv rq wkh
xwlolw| ixqfwlrq1 +lld, Lw iroorzv iurp +l, dqg htxdwlrq +9, wkdw K:f 1L w
iroorzv iurp +9, dqg +;, wkdw /‘  |  ‘ :Kzkhq  EK :vlqfh #	 1
Zkhq  EK'	7 wkhq wkh uhvxow iroorzv iurp wkh idfw wkdw K ' /‘|‘
zkhq  '7  /f i 1u h v x o w+ lle,/ dqg wkdw K lv vwulfwo| lqfuhdvlqj lq 1+ lle,W k l v
iroorzv iurp htxdwlrqv +7,/ +9,/ dqg wkh ghqlwlrq ri 7 1 
Wkh uvw uhvxow vwdwhv wkdw lw lv dozd|v Sduhwr rswlpdo wr jlyh qrq0zrunhuv
d srvlwlyh ohyho ri wudqvihuv hyhq zlwkrxw d plqlpxp xwlolw| uhtxluhphqw1 Vr/
hyhq d jryhuqphqw wkdw kdv qr uhglvwulexwlyh frqfhuqv/ irupdol}hg e| kdylqj
 'f / qgv lw rswlpdo wr jlyh qrq0zrunhuv ehqhwv1 Wkh uhdvrq lv vlpso|
wkdw zrunhuv fdqqrw jhw dq| xqhpsor|phqw lqvxudqfh ehqhwv zlwkrxw jlylqj
wkh vdph dprxqw lq wudqvihuv wr qrq0zrunhuv1<
Wkh uhdvrq zk| zrunhuv duh rqo| sduwo| lqvxuhg djdlqvw xqhpsor|phqw
lv wkdw pruh lqvxudqfh lpsolhv kljkhu wudqvihuv iurp zrunhuv wr qrq0zrunhuv1
<Qrwh/ wkdw lw lv dozd|v rswlpdo wr kdyh vrph lqvxudqfh dv wkh pdujlqdo xwlolw| ri
lqvxudqfh jr wrzdugv lq￿qlw| zkhq e $ 3 gxh wr wkh lqdgd frqglwlrq rq wkh xwlolw| ixqfwlrq1
Zlwkrxw wklv frqglwlrq lw pd| eh rswlpdo wr kdyh qr xqhpsor|phqw lqvxudqfh dv lq Fklx
dqg Nduql +4<<;,1
43Zlwk shuihfw lqvxudqfh/ wkh pdujlqdo orvv ri ohvv lqvxudqfh lv }hur +wkh hqyh0
orsh wkhruhp,/ zkhuhdv wkh pdujlqdo jdlq lv d gluhfw lqfuhdvh lq h{shfwhg qhw
lqfrph gxh wr d uhgxfwlrq lq wd{0qdqfhg wudqvihuv wr qrq0zrunhuv1 Wkhuh0
iruh/ ixoo lqvxudqfh lv qhyhu rswlpdo1
615 Zruniduh Ehqhw V|vwhpv
Kdylqj fkdudfwhul}hg wkh Sduhwr rswlpdo shfxqldu| ehqhw srolflhv/ zh qrz
wxuq wr wkh pdlq txhvwlrq ri wkh sdshu= zkhq fdq dq rswlpdo shfxqldu|
ehqhw srolf| eh Sduhwr lpsuryhg e| lqwurgxflqj zruniduhB Lq rwkhu zrugv/
zh dqdo|}h zkhwkhu/ jlyhq vrph plqlpxp xwlolw| uhtxluhphqw/ /w k h u hh { l v w v
ds d f n d j hi Kcej zlwk xqsurgxfwlyh zruniduh/ e : f/w k d wS d u h w rg r p l q d w h v
wkh ehvw sdfndjh zlwkrxw zruniduh1 Wr gr wklv/ zh pd{lpl}h +8, vxemhfw wr
+4,/ +5,/ +6,/ dqg +7, zlwk uhvshfw wr K/ K/ |/d q g e /z k l f kd o ok d y hw re h
qrq0qhjdwlyh1 Wkh xqltxh vroxwlrq lv fkdudfwhul}hg e| +vhh Dsshqgl{,













 ￿E / ‘| ‘








 EK : c
 ￿E / ‘| ‘










￿ E/‘  |  ‘








 ￿E / ‘| ‘





Wkh uvw wzr htxdwlrqv iroorz iurp wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw +5,
dqg wkh exgjhw frqvwudlqw +6, erwk ehlqj elqglqj1 Wkh qh{w wzr htxdwlrqv
44vkrz wkdw wkh plqlpxp xwlolw| uhtxluhphqw pd| ru pd| qrw eh elqglqj/
zklfk lv zkdw rqh vkrxog h{shfw jlyhq wkh uhvxowv lq Vhfwlrq 1 Ilqdoo|/
wkh odvw htxdwlrqv uhyhdo wkdw zruniduh pd| ru pd| qrw eh sduw ri d vroxwlrq
ghshqglqj rq wkh sdudphwhuv ri wkh prgho1 Iurp wkhvh htxdwlrqv/ zh jhw
Sursrvlwlrq 5 Li dqg rqo| li zrunhuv dqg qrq0zrunhuv glhu vx!flhqwo| lq




￿3# / wkhuh h{lvwv   5 Efc 7  vxfk wkdw iru doo
plqlpxp xwlolw| ohyhov ri qrq0zrunhuv  5 dfc  o dq| shfxqldu| ehqhw v|vwhp
lv vwulfwo| Sduhwr grplqdwhg e| d +wlph, zruniduh ehqhw v|vwhp1
Surri1 Vhh Dsshqgl{1 
Wkxv/ xqsurgxfwlyh zruniduh iru xqhpsor|hg zrunhuv pd| |lhog d Sduhwr
lpsuryhphqw iurp dq lqlwldo vlwxdwlrq zlwkrxw zruniduh/ dqg wkh vfrsh iru
xvlqj zruniduh lv odujhu/ wkh vpdoohu duh wkh wudqvihuv iurp zrunhuv wr qrq0
zrunhuv +l1h1/ wkh vpdoohu lv ,1 Lqwurgxflqj zruniduh fdq rqo| fuhdwh d jdlq
iru zrunhuv li lw lv srvvleoh wr udlvh wkhlu XL ehqhwv/ K/ pruh wkdq wkh xwlolw|
orvv lq lfwhg xsrq wkhp ehfdxvh ri wkh hruw wkh| kdyh wr gholyhu zkhq
xqhpsor|hg/ ‘e1 Wklv lv srvvleoh zkhq qrq0zrunhuv ydoxh ohlvxuh pruh
wkdq zrunhuv1 Wkhq wkh hruw uhtxluhphqw qhhgv rqo| eh uhodwlyho| vpdoo wr
glvfrxudjh qrq0zrunhuv iurp mrlqlqj wkh oderu irufh vxfk wkdw wkh glvxwlolw|
lq lfwhg rq zrunhuv lv uhodwlyho| vpdoo dv zhoo1 Khqfh/ K fdq lqfuhdvh pruh
wkdq ‘e1 Wkh sursrvlwlrq vkrzv wkdw wkh glhuhqfh lq ydoxdwlrq ri ohlvxuh




￿3# : / ehiruh lw lv rswlpdo wr xvh zruniduh1
Li # lv odujh/ wkhq wkh iudfwlrq ri qrq0zrunhuv lq wkh srsxodwlrq lv vpdoo/
lpso|lqj wkdw lw lv uhodwlyho| fkhds wr kdyh d kljk wudqvihu ohyho frpsduhg wr
wkh xwlolw| orvv iurp zruniduh wkdw kdv wr eh lq lfwhg xsrq doo xqhpsor|hg
zrunhuv lq rughu wr glvfrxudjh wkh ihz qrq0zrunhuv iurp fodlplqj XL ehqhwv1
Lq wklv fdvh wkh glhuhqfh lq ydoxdwlrq ri ohlvxuh kdv wr eh odujh iru zrunhuv
wr suhihu XL zlwk zruniduh1
45Rq wkh rwkhu kdqg/ li 4 lv odujh/ wkhq xqhpsor|phqw dprqj zrunhuv lv
vpdoo/ lpso|lqj wkdw wkh xwlolw| orvv dprqj zrunhuv ri ehlqj rq zruniduh lv
vpdoo uhodwlyh wr wkh qxpehu ri qrq0zrunhuv glvfrxudjhg iurp fodlplqj XL
ehqhwv1 Wkxv/ d kljk 4 uhgxfhv wkh uhtxluhg glhuhqfh lq ydoxdwlrq ri ohlvxuh
ehwzhhq wkh wzr w|shv dqg pdnhv zruniduh pruh suhihudeoh1
Li wkh plqlpxp xwlolw| uhtxluhphqw/ /l vk l j kw k h qw u d q v i h u vd u hk l j k 1
Wklv lpsolhv wkdw wkh XL ehqhw ohyho fdq eh kljk ehiruh frq lfwlqj zlwk wkh
lqfhqwlyh frpsdwlelolw| frqvwudlqw hyhq zlwkrxw zruniduh1 Lq wklv vlwxdwlrq
wkh pdujlqdo jdlq iurp pruh lqvxudqfh lv uhodwlyho| vpdoo frpsduhg wr wkh
f r v w vr ik l j k h uw d { h vd q gz k h qehfrphv vx!flhqwo| odujh lw lv qr orqjhu
rswlpdo wr xvh zruniduh1 Ixuwkhupruh/ lw iroorzv wkdw
Fruroodu| 4 +Wlph, zruniduh lv Sduhwr lqh!flhqw E li zrunhuv dqg qrq0
zrunhuv glhu rqo| zlwk uhvshfw wr surgxfwlylw|/ /￿/r uE  li wkh plqlpxp
xwlolw| uhtxluhphqw lv htxdo wr wkh pd{lpdo srvvleoh ohyho/  '7 
Surri1 Erwk +l,d q g+ ll, iroorz gluhfwo| iurp wkh deryh sursrvlwlrq1 
Wkh uvw uhvxow lv ehvw xqghuvwrrg e| orrnlqj dw wkh lqfhqwlyh frpsdwlelo0
lw| frqvwudlqw +5, zkhq ‘ ' ￿  1W k l vj l y h v E K 'E Ke vkrzlqj
wkdw d ulvh lq e rqo| jlyhv wkh srvvlelolw| ri udlvlqj K vr dv wr nhhs wkh xwlolw|
ri dq xqhpsor|hg zrunhu xqfkdqjhg1 Wkh rqo| fkdqjh wkhq lv dq lqfuhdvh lq
wkh wd{ ohyho/ zklfk xqdpeljxrxvo| uhgxfhv wkh xwlolw| ri wkh zrunhu1 Wkxv/
lw lv qhyhu Sduhwr rswlpdo wr uhtxluh d fhuwdlq qxpehu ri krxuv ri zrun lq
h{fkdqjh iru ehqhwv dv d zd| ri vhsdudwlqj wkh wzr w|shv zkhq wkh| rqo|
glhu zlwk uhvshfw wr surgxfwlylw|1
Zkhq wkh plqlpxp xwlolw| uhtxluhphqw lv htxdo wr wkh pd{lpxp srvvleoh
ohyho/  '7  / wkh xwlolw| ri qrq0zrunhuv dqg hpsor|hg dqg xqhpsor|hg zrun0
huv duh lghqwlfdo/ hyhq zlwkrxw hruw uhtxluhphqw=  E/‘  |  ‘'E K '
E K  1 Lq vxfk d shuihfwo| htxdolwduldq vrflhw| zruniduh lv/ ri frxuvh/ qhyhu
46rswlpdo1 Lqwurgxflqj hruw uhtxluhphqw zrxog pdnh lw srvvleoh wr wudqv0
ihu pruh ri wkh zrunhu*v lqfrph iurp shulrgv ri hpsor|phqw wr shulrgv ri
xqhpsor|phqw exw wkh| zrxog qrw zdqw wkdw dv wkh| duh douhdg| shuihfwo|
lqvxuhg1
616 Wlph Zruniduh yv1 Wdvn Zruniduh
Lq wkh suhfhglqj dqdo|vlv zh kdyh dvvxphg wkdw zruniduh lv d wlph uhtxluh0
phqw +wlph zruniduh,1 Lw zrxog/ krzhyhu/ dovr eh srvvleoh wr uhtxluh wkdw
ehqhw uhflslhqwv shuirup d sduwlfxodu wdvn1 Wklv zrxog qrw fkdqjh dq| ri
wkh suhylrxv uhvxowv li erwk zrunhuv dqg qrq0zrunhuv xvh wkh vdph dprxqw
ri wlph shuiruplqj wkh wdvn> wkdw lv/ li wkh wdvn lv xquhodwhg wr wkhlu vnloov vr
wkdw wkhlu surgxfwlylw| lq dq ruglqdu| mre lv luuhohydqw1
Ri frxuvh/ wkhuh h{lvw wdvnv wkdw kljk surgxfwlylw| lqglylgxdov fdq shuirup
idvwhu wkdq orz surgxfwlylw| lqglylgxdov1 Li/ iru lqvwdqfh/ wkh wzr w|shv duh
erwk eulfnod|huv/ rqh idvwhu wkdq wkh rwkhu/ wkh wdvn frxog vlpso| eh od|lqj
eulfnv1 Li vxfk wdvnv duh uhtxluhg lq h{fkdqjh iru ehqhwv +wdvn zruniduh, wkh
suhylrxv uhvxowv fdq eh jhqhudol}hg1
V x s s r v hw k d we h q h  wu h f l s l h q w vk d y hw rs h u i r u pdv s h f l  fw d v n /A /i r u
zklfk wkhlu surgxfwlylw| lq dq ruglqdu| mre pdwwhuv vxfk wkdw wkh wlph uh0




Zlwk wklv w|sh ri zruniduh Sursrvlwlrq 5 lv uhsodfhg e|
Sursrvlwlrq 6 Li dqg rqo| li zrunhuv dqg qrq0zrunhuv glhu vx!flhqwo|




￿3# /w k h qw k h u h
h{lvwv   5 Efc 7  vxfk wkdw iru doo plqlpxp xwlolw| ohyhov ri qrq0zrunhuv
 5 dfc  o/ dq| shfxqldu| ehqhw v|vwhp lv vwulfwo| Sduhwr grplqdwhg e| d wdvn
zruniduh ehqhw v|vwhp1
47Surri1 Wkh xwlolw| orvv ri d shuvrq lq wdvn zruniduh lv ￿
A
/￿ frpsduhg wr ￿e
lq wlph zruniduh1 Wklv lpsolhv wkdw wkh surri ri Sursrvlwlrq 5 dssolhv li wkh
whupv ￿e duh uhsodfhg zlwk ￿
A
/￿ dqg wkh pd{lpl}dwlrq lv grqh zlwk uhvshfw
wr A lqvwhdg ri e1 
Wkxv/ wkh vfrsh iru xvlqj zruniduh lv hqodujhg li lw lv srvvleoh wr ghpdqg d
vshflf wdvn lqvwhdg ri d vlpsoh wlph uhtxluhphqw lq h{fkdqjh iru ehqhwv1 Lq
idfw/ frqwudu| wr wlph zruniduh/ lw pd| eh Sduhwr rswlpdo wr xvh wdvn zruniduh
li zrunhuv dqg qrq0zrunhuv glhu rqo| zlwk uhvshfw wr surgxfwlylw|1 Wklv





￿3# 1 Wkh lqwxlwlrq lv vlpso| wkdw wdvn zruniduh lpsolflwo|
uhtxluhv pruh wlph ri ohvv surgxfwlyh shuvrqv/ lpso|lqj wkdw hruw0frqwlqjhqw
XL ehqhwv duh ohvv dwwudfwlyh wr qrq0zrunhuv wkdq zrunhuv dowkrxjk wkh|
kdyh wkh vdph ydoxdwlrq ri ohlvxuh1 Wkxv/ wdvn zruniduh lv d ehwwhu vfuhhqlqj
ghylfh wkdq wlph zruniduh dqg lq jhqhudo zh kdyh
Fruroodu| 5 Wdvn zruniduh zhdno| Sduhwr grplqdwhv wlph zruniduh1
Surri1 Dvvxph /‘ :/ ￿ dqg frqvlghu dq rswlpdo vroxwlrq xqghu wlph
zruniduh iecKcKc|j dqg d wdvn zruniduh XL v|vwhp zkhuh wkh wdvn lv vhw
vxfk wkdw qrq0zrunhuv xvh wkh vdph dprxqw ri wlph rq zruniduh lq wkh wzr
v|vwhpv/ e
￿ ' e/ lpso|lqj wkdw A ' e/￿ 1W k h q  e
‘' A*/‘  e/
lpso|lqj wkdw zrunhuv xvh ohvv wlph rq zruniduh xqghu wdvn zruniduh1 Wkxv/
wkh rqo| glhuhqfh lv wkdw ohvv xwlolw| orvv lv lq lfwhg rq zrunhuv lq zruniduh
dqg frqvhtxhqwo| wkdw wdvn zruniduh Sduhwr grplqdwhv wlph zruniduh1 Li
lqvwhdg /‘ ' /￿ wkhq wkh wzr v|vwhpv duh lghqwlfdo1 
7F r q f o x v l r q
Zh kdyh ghprqvwudwhg wkdw wkh xvh ri zruniduh dfwlylwlhv iru XL uhflslhqwv/
dv hpehgghg lq wkh odwhvw oderu pdunhw uhirupv dqg ehqhw h{shulphqwv lq
48pdq| frxqwulhv/ pd| hqkdqfh zhoiduh e| idflolwdwlqj ehwwhu lqvxudqfh djdlqvw
xqhpsor|phqw1 XL uhflslhqwv duh uhtxluhg wr shuirup vshflf wdvnv ru wr
vshqg d fhuwdlq dprxqw ri wlph lq zruniduh lq rughu wr froohfw ehqhwv/ dqg
wkhvh dfwlylwlhv lq lfw glvxwlolw| rq wkh sduwlflsdqwv1 Wr pdnh rxu srlqw pruh
wudqvsduhqw/ zh kdyh dvvxphg wkdw wkh dfwlylwlhv wkhpvhoyhv gr qrw eulqj
derxw dq| ydoxdeoh surgxfw> qhyhuwkhohvv/ wkh| fdq +Sduhwr, lpsuryh d sh0
fxqldu| ehqhw srolf|143
Li lqglylgxdo fkdudfwhulvwlfv duh nqrzq/ wkh XL sureohp lv vwudljkwiruzdug=
zlwk ulvn dgyhuvh zrunhuv/ wkh XL vfkhph vkrxog vlpso| lqvxuh zrunhuv ixoo|
djdlqvw xqhpsor|phqw dqg qr zruniduh vkrxog eh uhtxluhg1 Exw zkhq suhihu0
hqfhv dqg surgxfwlylw| duh sulydwh lqirupdwlrq dqg mre vhdufk ehkdylru fdq0
qrw eh revhuyhg/ wkh rswlpdo XL grhv qrw |lhog ixoo lqvxudqfh> qrq0zrunhuv
fodlp XL ehqhwv vr wkdw rqo| sduw ri wkh wd{ uhyhqxh jrhv wr xqhpsor|0
p h q wf r p s h q v d w l r q 1W k l vl vz k h qz r u n i d u he h f r p h vx v h i x o 1L iz r u n h u vd q g
qrq0zrunhuv kdyh glhuhqw suhihuhqfhv iru ohlvxuh/ wkh hruw uhtxluhphqw ri
zruniduh lv jrlqj wr dhfw wkhp glhuhqwo|1 Wklv pd| idflolwdwh ehwwhu lqfrph
vprrwklqj iru zrunhuv e| nhhslqj qrq0zrunhuv iurp fodlplqj XL ehqhwv lq0
vwhdg ri vrfldo dvvlvwdqfh1 Wkxv/ zruniduh pd| lpsuryh wkh ehqhw v|vwhp
lq wklv fdvh/ dqg wkh vpdoohu duh wkh wudqvihuv iurp zrunhuv wr qrq0zrunhuv/
wkh vwurqjhu duh wkh jdlqv iurp xvlqj zruniduh1 Zkhq wudqvihuv duh kljk/
zrunhuv fdq rewdlq d kljk XL ehqhw ohyho zlwkrxw wkh xvh ri zruniduh1 Wkh
jdlqv iurp dgglwlrqdo lqvxudqfh duh wkhuhiruh vpdoo dqg zruniduh ehfrphv
ohvv suhihudeoh1 Rq wkh rwkhu kdqg/ zkhq yroxqwdu| mreohvv lqglylgxdov duh
qrw holjleoh iru dq| nlqgv ri ehqhwv +l1h1  'f ,/ dv lv wkh vlwxdwlrq lq pdq|
frxqwulhv/ wkh fdvh iru xvlqj zruniduh wr lpsuryh xqhpsor|phqw lqvxudqfh lv
sduwlfxodu vwurqj1
43Wkh dvvxpswlrq wkdw zruniduh dfwlylwlhv duh qrw surgxfwlyh lv/ ri frxuvh/ dq h{wuhph
dvvxpswlrq1 Krzhyhu/ wkhuh duh dovr vxevwdqwldo frvwv dvvrfldwhg zlwk vhwwlqj xs dqg
uxqqlqj d zruniduh v|vwhp1 Vr vwulfwo| vshdnlqj/ zkdw zh dvvxph lv wkdw frvwv dqg ehqh￿wv
fdqfho rxw1 Li zruniduh surylghv d qhw surgxfw/ wkhuh lv/ ri frxuvh/ pxfk juhdwhu vfrsh iru
xvlqj lw +vhh Euhww/ 4<<;,1
49Zh kdyh dovr vkrzq wkdw lw lv qhyhu srvvleoh wr +Sduhwr, lpsuryh d ehqhw
v|vwhp e| wkh xvh ri wlph uhtxluhphqwv li zrunhuv dqg qrq0zrunhuv glhu
rqo| zlwk uhvshfw wr surgxfwlylw|144 Lq wklv fdvh/ +wlph, zruniduh lv qrw
d xvhixo vfuhhqlqj ghylfh/ dv zrunhuv dqg qrq0zrunhuv h{shulhqfh wkh vdph
glvxwlolw| ri ehlqj rq zruniduh1 Krzhyhu/ li vshflf wdvnv fdq eh uhtxluhg
wkhq zruniduh pd| eh sduw ri dq rswlpdo ehqhw srolf| hyhq zkhq zrunhuv
dqg qrq0zrunhuv glhu rqo| zlwk uhvshfw wr surgxfwlylw|1 Wklv dulvhv ehfdxvh
d wdvn uhtxluhphqw lv d ehwwhu vfuhhqlqj ghylfh/ zklfk dovr lpsolhv wkdw lw lv
ehwwhu wr edvh d zruniduh ehqhw v|vwhp rq wdvn uhtxluhphqwv wkdq rq wlph
uhtxluhphqwv1 Krzhyhu/ d wdvn zruniduh v|vwhp lv suredeo| pruh gl!fxow wr
dgplqlvwhu frpsduhg wr d wlph zruniduh v|vwhp1 Lq wlph zruniduh/ hyhu|erg|
mxvw kdv wr sduwlflsdwh d fhuwdlq qxpehu ri krxuv lq vrph zruniduh dfwlylwlhv/
zkhuhdv lq wdvn zruniduh d vshflf wdvn qhhgv wr eh ghylvhg iru hdfk w|sh ri
vnloo/ vr wkdw wkh xqrevhuyhg surgxfwlylw| ri uhflslhqwv zloo ghwhuplqh glhuhqw
shuiruplqj wlphv iru glhuhqw surgxfwlylw| w|shv1 Wkxv/ wkh jdlqv iurp ehwwhu
vfuhhqlqj zkhq xvlqj d wdvn zruniduh v|vwhp vkrxog eh edodqfhg djdlqvw wkh
kljkhu dgplqlvwudwlyh frvwv lq uxqqlqj vxfk d v|vwhp1
44Wklv frpsolphqwv wkh ￿qglqjv rq zruniduh lq sryhuw| doohyldwlrq surjudpv1 Ehvoh| dqg
Frdwh +4<<5/ 4<<8, vkrz wkdw/ zkhq lqglylgxdov gl￿hu rqo| zlwk uhvshfw wr surgxfwlylw|/
lw lv qhyhu Sduhwr rswlpdo wr xvh +wlph, zruniduh wr glvfrxudjh lqglylgxdov zlwk kljkhu
delolwlhv iurp fodlplqj ehqh￿wv lqwhqghg iru wkrvh zlwk orz delolwlhv1 Zh vkrz wkdw lw lv
dovr qrw rswlpdo wr xvh zruniduh wr glvfrxudjh orz delolw| w|shv iurp fodlplqj XL ehqh￿wv
lqwhqghg iru kljk delolw| w|shv1
4:D Ghulydwlrq ri wkh htxdwlrqv lq Vhfwlrq 6
Wkh htxdwlrqv lq Vhfwlrq 614 duh d vshfldo fdvh ri wkh vroxwlrq wr wkh pruh
jhqhudo v|vwhp lq Vhfwlrq 6151 Wkhuhiruh/ zh wxuq gluhfwo| wr wkh jhqhudo
pd{lpl}dwlrq sureohp1 Wkh sureohp lv wr pd{lpl}h +8, zlwk uhvshfw wr K/
K/ |/d q g evxemhfw wr +4,/ +5,/ +6,/ +7,/ dqg wkh qrq0qhjdwlylw| uhtxluhphqwv
K  f/ K  f/ |  f/d q g ef 1 Wklv fdq eh uhzulwwhq dv
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zkhuh KE  3￿ E lv wkh plqlpxp ohyho ri vrfldo dvvlvwdqfh lpsolhg e| wkh
plqlpxp xwlolw| uhtxluhphqw1 Qrwh/ wkdw wkh remhfwlyh ixqfwlrq lv vwulfwo|
frqfdyh dqg wkdw doo frqvwudlqwv duh olqhdu1 Wklv lpsolhv wkdw wkhuh h{lvwv d
xqltxh joredo frqvwudlqhg pd{lpl}hu/ zklfk vdwlvhv wkh Nxkq0Wxfnhu frq0








jlylqj wkh iroorzlqj qhfhvvdu| frqglwlrqv iru d pd{lpxp
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enb ￿ ‘ nb 2 ￿ +45,
Zh qrz vkrz wkdw wkhuh dozd|v h{lvwv d vroxwlrq ixooolqj b￿ 'f /b 2:f /
dqg b￿ : f/ be  f1 Wkhq/ gxh wr xqltxhqhvv/ dq| rwkhu frpelqdwlrqv ri
elqglqj dqg qrq0elqglqj frqvwudlqwv duh uxohg rxw1
Iurp htxdwlrq +44,/ zh jhw
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Lw wkhq iroorzv wkdw b2 : f li
/‘  |  ‘ :K ‘
e +46,
Qrwh dovr/ wkdw li lqhtxdolw| +46, lv ixooohg/ wkhq }￿ EKcKc|c e:f/f r q  u p l q j
wkdw b￿ 'f 1
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e : fc +49,
zkhuhdv/ li Yu
Y￿e 	 f wkhq






e 'f  +4:,
Zh qrz vkrz wkdw wkhuh dozd|v h{lvwv d frpelqdwlrq EKcKc|c eixooolqj
hlwkhu +47, ru +48, dqg dw wkh vdph wlph ixooolqj hlwkhu +49, ru +4:,1 Xvlqj
wkh exgjhw frqvwudlqw/ }￿ EKcKc|c e'f /d q gK'Kn ￿ erewdlqhg iurp wkh
frqvwudlqw }2 EKcKc|c e'f / lpsolhv wkdw wkh ohiw kdqg vlgh ri +47, wr +4:,











￿EKnE  ￿ ‘ e
c +4;,
zlwk wkh iroorzlqj surshuwlhv= s￿
K EKc e:f/*4K<fs EKcf ' f/d q gs ￿
￿ eE K c e:
f1
Ixuwkhupruh/ qrwh wkdw iru  '7 zh kdyh K ' #4d/‘ ‘o/z k l f k
lpsolhv
s E#4d/‘ ‘ocf ' 
Vlqfh wkh uljkw kdqg vlgh ri +47, wr +4:, lv srvlwlyh exw ehorz rqh/ frqwlqxlw|
ri s E lpsolhv wkdw wkhuh lv dozd|v d vroxwlrq ixooolqj hlwkhu +47, ru +48, dqg
dovr ixooolqj hlwkhu +49, ru +4:,1 Ilqdoo|/ qrwh wkdw s EKc e 	  zkhqhyhu
53 	 7 / lpso|lqj wkdw lqhtxdolw| +46, lv dozd|v ixooohg h{fhsw iru wkh olplwlqj
fdvh zkhuh  '7  1 Qrz/ wkh uvw wzr htxdwlrqv lq Vhfwlrq 615 iroorz iurp
}2 EKcKc|c e'} ￿E KcKc|c e'f / zkhuhdv wkh uhvw ri wkh htxdwlrqv duh lghqwl0
fdo wr wkh htxdwlrqv +47, wr +4:,1 Wkh sureohp lq Vhfwlrq 614 lv lghqwlfdo wr
wkh sureohp lq Vhfwlrq 615 zlwk wkh rqo| h{fhswlrq wkdw e lv {hg dw }hur1
Wkhuhiruh/ wkh htxdwlrqv lq Vhfwlrq 614 fdq eh ghulyhg gluhfwo| e| vhwwlqj e
htxdo wr }hur lq wkh uhohydqw htxdwlrqv lq Vhfwlrq 6151
E Surri ri Sursrvlwlrq 6















dqg  EK : c
zkhuh s EKc elv ghqhg e| htxdwlrq +4;,1






e : f +4<,
ru




e 'f  +53,
Lw iroorzv iurp htxdwlrqv +4<, dqg +53, wkdw s EKc e ‘*￿1I u r pw k h
frqglwlrq lq wkh sursrvlwlrq zh kdyh wkdw
  ‘*￿ :
  4




lpso|lqj wkdw  EK' 1
Qrwh wkdw s￿
K EKc e : f/ *4K<f s EKcf ' f/d q gs ￿
￿ eE K c e : f1Q r z /
li  $ f wkhq K $ f lpso|lqj iurp htxdwlrqv +4<, dqg +53, wkdw wkh
54vroxwlrq lv fkdudfwhul}hg e| e : f1 Rq wkh rwkhu kdqg/ li  '7 wkhq
K ' #4d/‘ ‘o ,
s E#4d/‘ ‘ocf ' c
lq zklfk fdvh +4<, dqg +53, lpso| wkdw e 'f 1 Frqwlqxlw| wkhq lpsolhv wkdw
wkhuh h{lvwv   5 Efc 7  vxfk wkdw e : f iru    1T H G 1
55Uhihuhqfhv
^4` Dqjhqhqw/ I1 M1 D1/ M1 E1 Erpphomì/ dqg J1 M1 Vfkhs +4<<6,= Iurp
Zhoiduh wr Zrun> derxw wkh Srvlwlrq lq wkh Oderu Pdunhw Lqvwuxphqw
lq Zhoiduh +lq Gxwfk= Vwudi ri VwlpxodqvB Khw Wrhsdvvhq ydq Vdqf0
wlhv dov Duehlgvpdunwlqvwuxphqw lq gh UZZ,/ YXJD Xlwjhyhulm/ *v0
Judyhqkdjh1
^5` Ehdxgu|/ Sdxo dqg Fkduohv Eodfnrue| +4<<;,= Wd{hv dqg Hpsor|phqw
Vxevlglhv lq Rswlpdo Uhglvwulexwlrq Surjudpv1 QEHU Zrunlqj Sdshu
96881
^6` Ehvoh|/ Wlprwk| dqg Vwhskhq Frdwh +4<<5,= Zruniduh yhuvxv Zhoiduh=
Lqfhqwlyhv Dujxphqwv iru Zrun Uhtxluhphqwv lq Sryhuw|0Doohyldwlrq
Surjudpv1 Dphulfdq Hfrqrplf Uhylhz/ ;5/ ss1 57<05941
^7` Ehvoh|/ Wlprwk| dqg Vwhskhq Frdwh +4<<8,= Wkh Ghvljq ri Lqfrph
Pdlqwhqdqfh Surjudpphv1 Uhylhz ri Hfrqrplf Vwxglhv/ 95/ ss1 4;:0
5541
^8` Eodfn/ Gdq D1/ Pdun F1 Ehujhu/ Euhww M1 Qrho/ dqg Mhhuh| D1 Vplwk
+4<<<,= Lv Wudqlqj d Fduurw ru d VwlfnB H{shulphqwdo Hylghqfh iurp
w k hX LV | v w h p 1 P h p r /F h q w h ui r uS r o l f |U h v h d u f k /Q h z\ r u n 1
^9` Euhww/ Fudlj +4<<;,= Zkr Vkrxog Eh rq ZruniduhB Wkh Xvh ri Zrun
Uhtxluhphqwv dv Sduw ri dq Rswlpdo Wd{ Pl{1 R{irug Hfrqrplf Sdshuv/
83 +7,/ ss1 93:09551
^:` Fklx/ Z1 Khqu| dqg Hgl Nduql +4<<;,= Hqgrjhqrxv Dgyhuvh Vhohfwlrq
dqg Xqhpsor|phqw Lqvxudqfh1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439 +7,/
ss1 ;390;5:1
^;` Fx/ N1 +4<<;,= Rswlpdolw| ri Zruniduh zlwk Khwhurjhqhrxv Suhihu0
hqfhv1 Zrunlqj Sdshu/ Txhhq*v Xqlyhuvlw|1
56^<` Hxurshdq Frxqflo +4<<:,= Wkh Frqfoxvlrqv ri wkh H{hfxwlyh Frpplw0
whh1 Wkh Phhwlqj ri wkh Hxurshdq Frxqflo lq Ox{hperuj/ Qryhpehu
4<<:1
^43` Kropoxqg/ Ehuwlo +4<<;,= Xqhpsor|phqw Lqvxudqfh lq Wkhru| dqg
Sudfwlfh1 Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ 433 +4,/ ss1 4460741
^44` Nduql/ Hgl +4<<<,= Rswlpdo Xqhpsor|phqw Lqvxudqfh= D Vxuyh|1
Vrxwkhuq Hfrqrplf Mrxuqdo/ 99 +5,/ 77507981
^45` Ph|hu/ Euxfh g1 +4<<8,= Ohvvrqv iurp wkh X1V1 Xqhpsor|phqw Lqvxu0
dqfh H{shulphqwv1 Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 66 +4,/ ss1 <404641
^46` RHFG +4<<;,= Wkh RHFG Hpsor|phqw Rxworrn1S d u l v 1
^47` Shghuvhq/ Shghu M1 dqg Qlqd Vplwk +4<<8,= Vhdufk Dfwlylw| Dprqj
Hpsor|hg dqg Xqhpsor|hg Phpehuv ri wkh Zrunirufh lq J1 Y1 Pr0
jhqvhq +hg1,= Zrun Lqfhqwlyhv lq wkh Gdqlvk Zhoiduh Vwdwh1D d u k x v 1
^ 4 8 ` Y d qg h qE h u j /J h u d u g /E d vy d qg h uN o d d x z /d q gM d qF 1y d qR x u v+ 4 < < ; , =
Sxqlwlyh Vdqfwlrqv dqg wkh Wudqvlwlrq Udwh iurp Zhoiduh wr Zrun1
Zrunlqj Sdshu/ Iuhh Xqlyhuvlw| Dpvwhugdp1
57